Many oils which normally will not kill bacteria are bactericidal after exposure to ultraviolet light or after ozonization (1-4). Not only are the irradiated oils bactericidal but their vapor inhibits bacterial ,growth and fogs photographic plates. These acquired properties are due to the oxygen attached to the molecules of the oil during irradiation or ozonization and subsequently released in the active state. That lipids of the skin acquire similar properties through irradiation is shown in the following experiments. (a) Preparation of the Dried Skin.--Skin from guinea pigs was dried so that oxidation of the lipids was prevented as far as possible. After the subcutaneous fat had been stripped from it the shaven skin removed from the abdomens and backs of guinea pigs was cut into small pieces. These fragments were distributed among several pyrex tubes which were immersed in a bath of butyl alcohol and solid carbon dioxide and attached to a vacuum pump. The skin was then dried in vacuo while frozen. The tubes were sealed while the vacuum was maintained and were not opened until the skin was needed for experimentation. The skin was removed from these animals immediately after they were killed, to avoid changes in the lipids from autolysis.
Many oils which normally will not kill bacteria are bactericidal after exposure to ultraviolet light or after ozonization (1) (2) (3) (4) . Not only are the irradiated oils bactericidal but their vapor inhibits bacterial ,growth and fogs photographic plates. These acquired properties are due to the oxygen attached to the molecules of the oil during irradiation or ozonization and subsequently released in the active state. That lipids of the skin acquire similar properties through irradiation is shown in the following experiments. (a) Preparation of the Dried Skin.--Skin from guinea pigs was dried so that oxidation of the lipids was prevented as far as possible. After the subcutaneous fat had been stripped from it the shaven skin removed from the abdomens and backs of guinea pigs was cut into small pieces. These fragments were distributed among several pyrex tubes which were immersed in a bath of butyl alcohol and solid carbon dioxide and attached to a vacuum pump. The skin was then dried in vacuo while frozen. The tubes were sealed while the vacuum was maintained and were not opened until the skin was needed for experimentation. The skin was removed from these animals immediately after they were killed, to avoid changes in the lipids from autolysis.
(b) Experimental Procedure with Various Samples of Dried Skin.--Six samples
of the dried skin were used in these experiments. Sample A: This sample was accurately weighed immediately after it was removed from one of the sealed tubes. The weighed sample was extracted in 20 cc. of absolute methyl alcohol in the refrigerator for 24 hours. Sample B: A weighed sample was placed in the dark at 37°C. for 24 hours in a flat open dish, then extracted in methyl alcohol for 24 hours. All samples were shaken frequently and thoroughly during the extraction. Sample C: A quantity of skin freshly removed from a sealed tube was weighed, then suc-121
ULTRAVIOLET IRRADIATED LIPIDS O~F SKIN cesslvely extracted with acetone, methyl alcohol and ether three times to remove the lipids. The lipid-free skin was dried and reweighed. 35 per cent of the weight was lost in the extraction. An accurately weighed sample of this extracted skin was placed in 20 cc. of methyl alcohol 24 hours. Sample D: An accurately weighed sample of dried skin removed from a vacuum tube was irradiated at 20 inches under a mercury quartz arc for 8 hours. The fragments of dry skin were stirred occasionally so that all surfaces of the fragments were exposed to the light. This sample was extracted in 20 cc. of methyl alcohol for 24 hours. Sample E: A sample of lipid-free skin similar to sample C was irradiated 8 hours and extracted in methyl alcohol. (5) was prepared by adding 5 gm. of ammonium thioeyanate and 6 ce. of 6 N H2S04 to 1000 ec. of absolute methyl alcohol. Immediately before the reagent was used it was saturated with ferrous ammonium sulfate by vigorous shaking with a few crystals of the salt. The red color developed on addition of this reagent to the methyl alcohol extracts was compared in a colorimeter with that developed in a series of standards containing 0.1, 0.05 and 0.01 rag. of ferric iron as ferric ammonium sulfate. 1 cc. of standard aqueous solutions containing the ferric iron was diluted to 10 cc. with methyl alcohol and 10 cc. of reagent were added. 10 cc. of the reagent were then added to 10 cc. of extracts A, B, C, E, F. The extract from sample D required dilution with methyl alcohol to bring it within the range of the standards. Readings were made 30 minutes after the addition of the reagent to the extracts and standard solutions. The reagent contained small amounts of ferric iron which varied slightly with each new solution. The necessary correction was made for each lot by calculating the amount of ferric iron in the reagent and adding this known quantity to both sides of the equation in determining the unknown amount of ferric iron in the methyl alcohol extracts. The data from one of several experiments have been assembled in Table I . In this table the calculated active oxygen (O1) has been expressed in rag. per 100 gm. of dried lipid-containing skin. Samples weighed after the lipids were extracted were multiplied by 100/65 in calculating the active oxygen content (see preparation of sample C).
Experiment 2.--The effect of irradiation on the active oxygen content of lipids extracted from the skin. Skin was dried while frozen as in the preceding experiment, then successively extracted with acetone, alcohol and ether three times. The extracts were combined in a suction flask and the extracting reagents were evaporated at room temperature first by a water pressure suction pump, and finally by a mechanical high vacuum oil pump. Evacuation was continued until bubbles no longer formed when the flask was warmed to 50°C., then the flask was sealed to maintain the vacuum and refrigerated until the lipid was used. Three samples of this lipid warmed to 37°C., each slightly less than 0.2 cc. in volume, were transferred to flat bottomed dishes approximately 2 cm. in diameter. The samples were accurately weighed. One dish containing lipids (A) was placed in 20 cc. of methyl alcohol immediately. The others were irradiated with ultraviolet light, one (B) 4 hours and the other (C) 8 hours before they were placed in methyl alcohol. By warming the alcohol slightly most of the fat was dissolved and a fine suspension of the undissolved fat was obtained by shaking the tubes vigorously. 1 cc. of each of these solutions was diluted ten times in methyl alcohol and 10 cc. of reagent (Experiment 1) were added to each of the diluted samples. The resultant color in each was compared with one of the series of standards used in the preceding experiment. The results of this experiment are found in Table II , in which the active oxygen is expressed in mg. per 100 gin. of lipid.
Experiment &--The fogging effect of irradiated lipids on photographic plates.
Two small round flat bottomed dishes 1 cm. in depth and 2 cm. in diameter with ground lips were partially filled (0.5 cc.) with lipid extracted from the skin (Ex-
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periment 2). The fat in one was exposed to ultraviolet light 8 hours, then both were covered with a photographic plate in a light-proof box at 37°C. After 24 hours the plate was developed. The vapor from the irradiated lipid fogged the plate intensely, while that from the normal lipid caused but faint foggin~ (Fig. 1) . lipids. The inhibiting effect of vapor from irradiated lipids has been compared with that of normal lipids. Two strains of hemolytic streptococcus, H.S. 1 and H.S. 2 were used. 18 hour cultures of these strains were diluted 1 to 5000 and sprayed on a thin layer of cooled nutrient agar containing 0.1 per cent dextrose poured into small dishes 2 cm. in diameter and 1 cm. in depth. Experience had shown that a uniform distribution of colonies was obtained by the method of spraying employed. 0.2 cc. of lipid extracted from the skin was placed in each of four similar dishes. Two of these dishes containing lipid were exposed to ultraviolet light 8 hours and sprayed plate cultures of strains H.S. 1 and H.S. 2 were inverted over them. Similar sprayed plate cultures of H.S. 1 and H.S. 2 were inverted over dishes of normal lipid. The junctions of the dishes were then sealed and the cultures were incubated 24 hours. The inhibiting effect of the vapor from the irradiated lipids is shown in Fig. 2 . Final pH 6.8 6.5 6.8 6.5
FIG. 1. The fogging effect of vapor from (A) non-irradiated and (B) irradiated
Each strain was set up with normal and irradiated lipid in the following manner. To each of a series of four tubes, the first containing 1 cc. of salt solution and the second, third and fourth tubes, 1 cc. of salt solution with neutralized cysteine HC1 in concentrations of 0.05, 0.1 and 0.2 per cent respectively, was added 0.2 cc. of lipid which had been exposed to ultraviolet light 8 hours at 20 inches. 0.2 cc. of normal lipid was added to a control series of two tubes, the first containing 1 cc. of salt solution and the second 1 cc. of salt solution with a concentration of neutralized cysteine HCI of 0.05 per cent. These tubes were shaken in a machine 8 hours at room temperature, then the contents of each tube was poured on the centrifuged sediment from 1 cc. of an 18 hour culture of hemolytic streptococcus. Both strains of hemolytic streptococcus H.S. 1 and H.S. 2 were set up in this way. The emulsions of lipid and the suspended bacteria were then cultured at frequent intervals both in broth and on plates until the bacteria were dead. The results of these cultures have been arranged in Table III . In this table, D indicates that the bacteria were all dead and the hour at which the culture was made is shown by the numeral following the letter. L indicates that the bacteria were still living and cultures were discontinued. The pH of these tubes was determined approximately by the colorimetric method after the experiment was finished. The pH ranged between 6.5 and 6.8.
SUMMARY AND CONCLUSIONS
The lipids of the skin after exposure to ultraviolet light are bactericidal. Since other fats and oils which have been irradiated are bactericidal on account of the active oxygen released on contact with bacteria, the mechanism of the bactericidal action of irradiated lipids of the skin must be similar because the lipids have the properties of other irradiated fats and oils. Irradiation increases the active oxygen content of dried skin markedly but little increase occurs if the lipids have been extracted. Although the normal lipids extracted from the skin contain some active oxygen, the active oxygen content is much increased by irradiation. The vapor from llpids exposed to ultraviolet light fogs photographic plates intensely and retards the growth of hemolytic streptococcus. When emulsified in salt solution, the irradiated lipids kill hemolytic streptococcus promptly in comparison with emulsions of lipid which have not been irradiated. The addition of neutralized cysteine HC1 to the emulsions of the lipid, normal or irradiated, prolongs the life of bacteria suspended in the emulsions. This protective effect is due to the reducing action of the cysteine. Normal non-irradiated lipid, extracted from the skin under conditions which permit oxidation, kills bacteria more quickly than that used in these experiments, where precautions were taken to prevent oxidation (unpublished data). Even though these precautions were taken some oxidation occurred, because lipid so extracted contained some active oxygen, and bacteria lived longer in emulsions of this normal lipid if cysteine were added. BIBLIOGRAPHY
